Molecular aspects of Bordetella pertussis pathogenesis.
The molecular mechanisms of Bordetella virulence are now well understood, and many virulence factors have been identified and characterized at the molecular level. These virulence factors can be grouped into two major categories: adhesins, such as filamentous hemagglutinin, pertactin and fimbriae, and toxins, such as pertussis toxin, adenylate cyclase, dermonecrotic toxin and tracheal cytotoxin. The production of most virulence factors is coordinately regulated by a two-component signal transduction system composed of the regulator BvgA and the sensor protein BvgS. The adhesins and toxins act in concert to establish infection. Some adhesins exert their effects synergically or are redundant functioning only in the absence of another adhesin, illustrating the importance of adhesion in infection. Most virulence factors are secreted into the culture supernatant or exposed at the surface of the bacterial cell. A notable exception is dermonecrotic toxin, which remains in the cytoplasmic compartment of bacterial cells. Most virulence factors are produced by all of the three major Bordetella species, B. pertussis, B. parapertussis and B. bronchiseptica. However, some, such as pertussis toxin and the tracheal colonization factor, are only produced by B. pertussis. Our understanding of Bordetella virulence at the molecular level has led to the development of new acellular vaccines against whooping cough, and of genetically attenuated B. pertussis strains to be used as recombinant live bacterial vaccine vectors for homologous and heterologous protection.